Despite the efforts made to identify Pseudomonas aeruginosa by saccharolytic methods, this gram-negative microorganism remains predominately a proteolytic bacillus with weak saccharolytic activity. Pigmentation, growth temperature, pellicle formation and other minor characteristics are unsatisfactory laboratory diagnostic criteria (Gaby, 1946 (Gaby, , 1955 Gaby and Free, 1953) . Needless to say it is highly probable that numerous P. aeruginosa and P. aeruginosa-like cultures have been erroneously identified. This is undesirable not only from a diagnostic point of view but one has only to examine the classification of this genus to understand the taxonomical problems involved.
The need for a diagnostic procedure which can be carried out routinely in the laboratory for the identification of nonpigmented strains of P. aeruginosa is obvious. Preliminary experiments carried out in this laboratory indicated that while the cells of P. aeruginosa contain a peroxidase and catalase, other gram-negative bacilli similar to P. aeruginosa contain similar enzymes which makes their utilization in a practical laboratory test extremely difficult. However, it appeared that P. aeruginosa contained an abundance of cytochrome oxidase. This enzyme, also referred to as Atmungsferment, indophenol oxidase, nadi oxidase, cytochrome c oxidase, cytochrome a3 oxidase, and cytochrome a oxidase, will oxidize dimethyl-p-phenylenediamine in the presence of molecular oxygen and cytochrome c, and upon the addition of a-naphthol, indophenol blue is formed. Keilin (1929) and Frei et al. (1934) have shown that several fungi and bacteria contain a cytochrome-cytochrome oxidase system. (See also the reviews by Smith, 1954; Clark et al., 1955 .) The vast majority of the studies on these compounds, however, have been carried out with extracts of animal tissue in an attempt to characterize the various components of the enzymes (Wainio and Cooperstein, 1956; Estabrook, 1956; Henderson and Rawlenson, 1956; Holton, 1955; Smith and Stotz, 1954) . These techniques have been modified and applied toward a practical laboratory test for the identification of P. aeruginosa.
METHODS AND MATERIALS
Cultures of the microorganisms used in the preliminary screening tests were obtained from the departmental stock culture collection and the diagnostic laboratory. All cultures were grown on nutrient or blood agar plates, in nutrient broth (4.5 ml) for 18 to 24 hr at 37 C or room temperature (24 to 28 C) depending upon the optimal growth requirements of the organism. All cultures were checked biochemically and stains for flagella were made on all doubtful strains.
The reagents used in the test were 1 per cent a-naphthol in 95 per cent ethanol and a 1 per cent aqueous solution of p-aminodimethylaniline oxalate (Difco). The solutions were prepared fresh weekly because of the autooxidation of paminodimethylaniline oxalate, but can be used for at least 2 weeks.
To detect cytochrome oxidase in broth cultures of the microorganisms, 0.2 ml of the a-naphthol solution and 0.3 ml of p-aminodimethylaniline oxalate were added to each tube. The tubes were immediately shaken vigorously to insure mixing and the thorough oxygenation of the culture. The appearance of a blue color is indicative of the presence of cytochrome oxidase in the bacterial cells. To detect the presence of the enzyme in microorganisms cultured on agar plates, equal amounts of the above reagents are mixed and several drops allowed to flow over isolated colonies.
RESULTS
The cytochrome oxidase activity of 57 stock cultures is summarized in (Gaby, unpublished data) .
Colonies of P. aeruginosa on blood or nutrient agar turn blue in 15 to 30 sec when exposed to a solution containing equal parts of a-naphthol and p-aminodimethylaniline oxalate, whereas the colonies of other gram-negative bacilli are unaffected. By this procedure it has been possible to identify and isolate colonies of P. aeruginosa from a plate containing a mixed population. Eight other species of Pseudomonas obtained from the American Type Culture Collection tested by this method were found in most instances to contain comparable amounts of cytochrome oxidase. These species however are being studied in more detail by manometric techniques.
The test worked equally as well on cultures obtained from clinical specimens. The results summarized in table 2 show a typical group of nonpigmented, gram-negative, bacilli isolated in the clinical laboratory. All of these cultures produced a pellicle when grown in a liquid culture media and all had a similar biochemical pattern when examined routinely. Of particular interest were cultures no. 1034, 1306, and 1335. Colonies of these cultures on blood agar after 18 to 24 hr incubation at 37 C were small and nondescript. Culture no. 1306 (urine specimen) was tentatively identified as P. aeruginosa. Cultures no. 1335 (stool specimen) and no. 1034 (blood at autopsy) were tentatively identified as Alcaligenes. However, cultures 1034 and 1335 gave positive cytochrome oxidase tests while 1306 was negative. An extensive morphological, and biochemical examination of the cultures indicated that 1306 was a paracolon bacillus similar to type 29911, while 
DISCUSSION
Due to the high concentration of cytochrome oxidase within the cells of P. aeruginosa it has been possible to develop a practical laboratory test based on the formation of indophenol blue from the oxidation of p-aminodimethylaniline oxalate in the presence of a-naphthol. The test is recommended particularly for nutrient broth cultures of nonpigmented gram-negative bacilli resembling P. aeruginosa. On blood or nutrient agar plates, colonies of P. aeruginosa also give a positive test when exposed to an equal mixture of the reagents. In the clinical laboratory all gram-negative nonlactose fermenters are of interest and require inoculation into at least the basic biochemical media. The time and expense required for the inclusion of a nutrient broth culture tube in this routine is negligible. Since P. aeruginosa is the only species of Pseudomonas known to be pathogenic for man, the test is specific when carried out on cultures obtained from human specimens. Although other species of Pseudomonas will give a positive reaction it is not certain at this time if the presence of cytochrome oxidase is characteristic of all members of the genus. This problem is being investigated at the present time.
SUMMARY
A practical and specific laboratory test has been described for the identification of Pseudomonas aeruginosa isolated from clinical specimens. The test is based on the high concentration of cytochrome oxidase present in the cells of P.
aeruginosa. Other bacilli with similar biochemical reactions were negative for cytochrome oxidase when tested by the method described.
